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Dr. Austin R. Frey 
U.S. Naval Post Graduate School 
Monterey, California 
Dear Sir: 
Enclosed is the report covering my activities during the 

thirteen week industrial experience tour as reauired for completion 
of the curriculum in Engineering Electronics. 

My opinion of this final phase of the program of postgraduate 
work is very high. It among other things clearly points out the respect 
due those who developed the techniques and engineering concepts so ably 


taught us while in the school. I consider it an essential phase for a 


fully rounded engineering education, 


Sincerely, 








| raduate School 
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TONIZATION CHAMBs2 DIR«CT COUPLED LOGARITHMIC 


AMPLIFIER 


The first problem proposed was a study of direct coupled (hereinafter 
DC) amplifiers as applied to measurement of currents thru the range of 10712 
thru 10-4 amperes. The scope of the problem was somewhat limited since the 
input device (source) was to be considered as a constant current one, i.e.: 
one of infinite internal impedance. The drift stability aim of this study was 
a DC amplifier having a maximum of + 5% drift where drift is defined as 
incremental current change divided by the absolute vale of the current being 
read at the time. Since the drift of the amplifier had to be measured with 
reference to an absolute value of current input and the measurement of the 
absolute value of the input depended upon the characteristics of the input device 
which was in this case the log diode (discussed below), the problem became a 
study of a DC amplifier with a log-diode input. This is discussed in detail 
in App i. 

The original work lay in a search of the literature in regards to the 
limitations of direct coupled amplifiers and existing solutions to the problems 
involved. The results of this search are affixed in Appendix III. Further study 
of the literature in regards to logarithmic characteristic current measurement 
devices was considered unnecessary since it is well know that of all direct 
current logarithmic devices the only one sufficiently temperature insensitive 
with a great enough range (8-9 decades) is the high vacuum diode operated at 


reduced filament voltage (hereinafter - log diode). 


25 Bees 





In addition to the limitations of the basic DC amplifier as discussed 
in App. III there is imposed in measurement of currents of the order of 10-1¢ 
ampere the consideration of grid current. (The log diode is essentially a high 


impedance device, its differential impedance being derived as R= 0.1 where 


Ris in ohms and I is the current thru the diode in amperes. 


From 
Te fs 


~— K 1og19 Ly + constant. 
For ordinary small diodes experiment yields 


K = 0.25 volt/decade of current. 


r= oem = diy = 
yo At 


d (K log,,. i, + constant) = K logig e 


ty 
,—e O.W3h x 0.25 O.1 
+ 2 ) 


If the grid current thru the diode load tube be of the order of 10714 








limited selection of DC amplifier input tubes to electrometer tubes. (The use 
of a vacuum tube in electrometer applications is proposed by Metcalf & Thompson. 
Consideration is taken grid current sources; 
1. Leakage over glass and insulating supports. 
2. Positive ions due to ionization of residual gas, 


3. Thermionic emission from grid due to heating of grid 
by cathode power. 


i. Positive ions emitted by cathode. 


5. Photoelectrons emitted by control grid due to light 
from cathode. 


6. Photoelectrons emitted by control grid due to soft 

X-rays produced by plate current electrons 

striking plate. 
Corrective constructional and operating steps are described. The below two 
commercially available tube types are constructed and operated in accordance 
with the above considerations. Typical types of electrometer tubes are the 
Raytheon CK 571 AX pentode rated at 10-14 ampere grid current for 0.25 volt 
input or the Victoreen VX-5803 triode rated at 1074 ampere at -0.5 volt input. 
Unavailability of the Raytheon type limited experimentation to Victoreen 
VX-5803 triodes. 

The first laboratory set-up originated in study of a circuit devised 
to minimize effects of contact potential (work function) wariations in the 
electrometer tube in creating drift. (Contact potential is the term applied to 
the potential between two pieces of metal not in contact due to differences of 


work function). The reasoning employed showed that if the input voltage to the 





electrometer tube could be greatly increased without exceeding the allowable 


input voltage, from grid current considerations, then the contact potential 


effect would be relatively negligible. 
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Assuming the cathode follower efficiency 100% then the gain with feedback of 


100% is 1 or the input resistor Rl may be increased in value by a factor of 


1l-A where A is Vl gain. This change with a given current i gives the desired 
result of an effective increase of inout voltage while remaining within grid 
current limitations. Note: no attempt is made to provide for drift due to 
variations of the value of RL. The construction was made with a log diode 
(Sylvania 56:7) in place of R2 to provide several decades coverage of input 
current without resort to switching and without exceeding the electrometer tube 


limits. The tubes used were those readily available. 
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Since efficiency of the cathode follower TT Re ; 
T+ Re 


2m 
or wi = G wnere G= g,R,» Re is made variable. The reasoning 


T+ 6G 


followed was that if 
NA = 1 
then the input point "a" could always be returned to ground potential for 
measurement purposes by means of varying R. The procedure to be followed was 
1. Close Sl and S2 and vary RL until the VINM 
indicated zero output voltage. 
2e Open S2 close $3 and insert known potential 
at "a" by means of R. 
3. Vary R, to return e, to zero. This would 
provide unity feedback. 
he. With Sl, S2 and $3 oven insert current in 
loop by selector switch. Read VTIVM. 
S. Vary R until VTIVM reads zero. 
6. Read Bp 
Since "a"! is again at ground potential the current thru the diode is 
that inserted, The VIVM reading is the output voltage corresponding. 
The Victoreen VX-5803 has an amplification factor of 2 and the diode 
efficiensy was computed as 98%. In spite of considerable manipulation of circuit 
parameters, however, the gain "A" of the VX-5803 could not be raised sufficiently 


to obtain a loop gain of 1. Therefore this project was rejected since the entire 








measurement technique was based upon ability to returm "a" to ground potential. 

Subsequent investigation indicated that no diode existed with the 
differential impedance desirable for use in this circuit in the prescrioed 
current range. 

A second attack on the contact potential problem was based on the 
writers assumption that in a common cathode duo-diode variations in work function 
due to cathode temperature variations would give rise to equal contact potential 
variations with both diodes. Such a property, if possessed by a common cathode 
duo-diode, would be very useful in providing a signal independent of heater 
potential variations. A check of existing tube types showed no such tube available. 
Tne alternatives of using the diode sections of a duo-diode triode or a duo- 


triode (diode connected) were selected. The details are pointed out in Apo. I. 
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1. Phys. Rev. 36, 1489, 1930. 

2. Theory of Thermionic Vacuum Tubes - E.L. Chaffee 
McGraw-Hill Book Co. 1933. 

3. An Improved D.C. Amplifier for Portable Ionization 
Chamber Instruments, N. F. Moody, Rev. Sci. Inst. 
April 1951. 








A PULSE DISCRIMITNATOR 
CIRCUIT 


The second problem arose out of the design specifications for 
the ASMC-1 reactor control system which called for a minimum number of 
vacuum tubes consistent with fission counting accuracy for control purposes. 

In a highly accurate system using fission counters the ionization 
pulse from the counter is amplified and applied to a Schmidt trigger circuit 
which is followed by a cathode-coupled multivibrator and diode counting 
circuit. The outout of the diode counter is applied to a log-linear diode 
(described previously) and electrometer tube indicator to indicate pulse 
rate. 

A brief explanation for this choice of circuitry is offered. 
The fission counter (an argon filled cylinder lined with U-235 concentric 
with a center electrode across which a high field is impressed) lies in a 
concentration of alpha particles, gamma rays and thermal neutrons. All of 
these produce ionization of the argon, the alpha particles and gamma rays 
directly, the thermal neutrons by fission of the U-~235 into heavy ionized 
particles. The direct ionization current level tm the fission counter due to 
gamma radiation alone is large compared to that due to alpha particle and 
fission ionization. Hence, at the reactor power levels where fission counting 
techniques are used, pulse amplification is used to obtain information of pile 
period (rate of change of thermal neutron level) and level rather than direct 


ionization current. Discrimation by means of pulse height is used to separate 








pulses due to fission ionization from those due to alpha particle ionization, 
(Note: These fission counters are operated with gas densities and electric 

fields so adjusted as to give a "gas amplification" of one i.e.: a single 
positive ion produced at the plate will arrive at the cathode without causing 
collision ionization due to the fact that its acceleration in the field is 
insufficient to bring it to collision ionization velocity in the distance 
traversed. The fission particles from the U-235 have velocities ranging from 

that insufficient to cause collision ionization to much greater velocities. 

Hence, most of these particles produce larger output pulses than the alpha particles 
which have, on the average less velocities.) The distribution of these fission 
pulses is on the average ten microseconds between pulses although satistical 
variations indicate pulse separations of less than one microsecond. A choice 

of pulse resolution time of one microsecond for the amplification and discrimation 
circuitry was chosen as it leads to less than 5% error in pulse rate indication. 
The output of the amplifier discriminator feeds a diode counting circuit whose 


output is a d.c. current proportional to the input pulse rate. 





Co is very much greater than C, and therefore the designation "bucket" is 


applied to G, since it governs the charge transferred to C, per pulse. 








The potential across the log-diode is the logarithm of the current thru it. 
The current thru the diode is governed by the potential across Cy. This 
log-linear measurement is necessary since the pile thermal neutron level 
varies exponentially. Note that input pulse width in this circuitry (within 
large limits) has no effect on the charge per pulse transferred to Co and 
hence counting rate. HOwever, the input pulse amplitude has a decided effect. 
Therefore our amplifier-—discriminator circuitry must provide pulses of constant 
output amplitude for all fission counter pulses above a chosen pulse height. 
A further consideration in the choice of discriminator is that the tripping 
level must be capable of accurat setting. 
The requirements on the system are summed up therefore as: 

1. Accurately adjustable pulse height discrimination. 

2 One microsecond resolution of pulses. 

3. Output pulse amplitude independent of input 

pulse amplitude. 

The Schmidt trigger circuit is capable of satisfying the first two 
of the above requirements and, when followed by a cathode-coupled multi- 
vibrator, all three. But, the consideration of reduction in number of 
vacuum tubes led to use only of the Schmidt circuit. 

The problem facing the writer was to investigate the behavior of the 


Schmidt circuit as a function of its parameters. The problem is discussed in 


App. II of this report. 
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CONTACT POTENTIAL VARIATION 
IN A LOG -- LINVWAR D. C. AMNPLIVIER -- AN INVESTIGATION 


It is well lmown that if a diode is operated within certain ranges 
of filament current, the plate to cathode potential will be (over 
a riven ranze) a locarithmic function of the plate current. 


C, 





O16 Of O12 ofl Ep, > &;3 
- + 


The slope of the los -- linear plot, within a relatively wide ranse 

of Lr, is aot a function of Ef but the marnitude of ey, for a siven 

ip varies widely with Er for a typical diode. Thus if one is interested 
in rato (dep/dip)s relatively slow changes of Ie are insisnificant in 
effects on output. However, if the interest is in current level 
(absolute values), then the sisnificance of Up is great. 


The problem investizated was that of nullifyins the effect of varying 
Ef on current level measurement in the ranse 10-10 throuch 1074 ampere. 


A revicw was made of the fundamental theoryt behind this behavior of 
the diode. 3asicelly the variation is due to cnanse in electron 
affinity of the cathode with chances in cathode tomporature. If an 
electron requires an enercy 
2 ae 

1/2 NViiin ae : BF 
to escape rrom the surface of the cathode and we express this as 

fee 7 i a 
waere e is the electronic chanse and & the potential corresponding 


to the kinetic cnergy in 1, then we call 9 the electron affimity 
end ”. the work function. Now the worl: function has been shown to be 


WY = Vig +3/2 KT where 

K 7 Boltzmann's constant 

T = Temperature desrees Kelvin 
3 


go 7 Vork function value at absolute zero 








The relation of the work function to contact potential for two metals 
closo tozsetner but not metallically connected is shown. 





If metal 1 is srounded end an electron just escapes the surface its 
kinetic enerry is converted to e potential cnorsy GO ic = Wy and has a 
potential with respect to sround of 


El = -1 = ““1/e + Similarly for wo excont Lor the very small 
junction potential Lj. 


E2 * -G2 +23 = -‘l2/e 45j 


Now the cifferecnce of potential (contact potential) is 


E; is neglisible compared to (Eo -E1) in common diodes. Assuming 

the temperature of metal 1 held constant, it is seen that the measured 
contact potential is an inverse function of the temperature of metal 

2 if tne metal 1 has a zreater clectron affinity when both are at the 
same temperature (the cass in common ciodes), 


Inspection of the basic circuit used in this investigation® and 
consideration of the remark that instability arises from diode drift 
rave rise to the assumption that it was the purpose of this investi- 
Pacion to verify. The assumption wes that if, in consideration of 
the basic theory above, there could be found a common cathode duo- 
diode tiren the differential output potential would not ve a function 
OF contact votential variation. 
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Basic Circuit 








fne first problem was in selection and necsuremont of some stock 
diodes for circult desizn data. A cheet: of tube hendbooks revealed 
that the common cathode duo-diode was not avallable (64N6 not in 
stock). ‘the decision was made to use tho Giods sections of some 
duo-diode triodes (34ode connected). The selected types were 6RF6, 
6AQG6, and 656, 


The measirement circuit used is shown. 





Closed S1 and varicd Ry until M1 read zero. This established a 
balence for the srid of Vl rrounded. 


Opened Sl and varied Rp until M1 asain read zero (for each current 
selection). ‘Mis reestablished the ~-rid of V1 at eround . 


nead tne volvase M2. Since ep tito = 0, then the current tirough 
tne diode is that cstablished by the selector switch and the 
input voltaze and M2 2 -e. 


Tiese measurcvents were repeated for var.ous values of hcater voltarc. 
ote the assumption that the crid current of the electroricter tube, 
Tl, is nesli~ible. @his current is less then 16-2 empere for tube 
yperabinz conditions as set un). ihe results are plottea in Fi-ures 


2, G6 and 7. Inspection of the nlots of Fi-ures 1 and 2 indicated 
we ORIG and 6.°6 sre none too linear over She pans considered. De 
Lot of fisure 3 sinved the slove varies considerably for different 
urrent rances for vie 656 whereas tre nlot of Fi ure i: shared the 
slope to be very icarly the same at difforent current ransces in the 
acinity (40.5 volt) of [Lr = kb for the 6.6. Inspection of ages 
fiowed the very ~ood lincarity of tie 636 wiile Iicure 5 snowed the 
lope constancy desired at varying velues of ibm in tne rection of 


Br - 5.5. It was decided to use the 636 for the remoinder of the 
Pivoe tioction. 
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The remainder of the investisation was conducted using the follow- 
mn CIArCcuLtry. 


_t/S0 





The procedure for measuring Hout for the various input currents 
at the selected values of Ep was: 


1. ‘sith S} closed Ry was varied to sive Eout * 0. 
2. With 5] open and So closed 33 was varied to give Hoyt = O- 
See.) SD open ay was varicd to sive tout * 0 for i = 1074 Q2NDS » 


ih, The variovs other currents were then fed to the input and Eout 
recorded. 


ine above measurceents were repeaved for var_ous values of up. Also 
the moasurements wore made with the circuit ~eroed for different 
values of Ep. ‘the results are plotted in Fiz.'s. 4, 9 and 10. iis. 

3 was made frond ata recorded with ith out of the circuit in order 
Gowobserve circuit stability without a fixed reference current througn 
the reference diode. these curves indicate that the reference diode 
serves as a fair povential “standard” withnoub a siven current through 
it especially in the rance 10-k throuch 10-3 aymmcre input for Ze betweer. 
5.5 and 6.0. The curves for zero-set at Ig 2 5.5 (Fis. 9) were chosen 
as Lest since their slope is least in the rezion of Ep vetwoen 5.0 

end 6.0 volts. ‘the failure of the outout slope at 10-10 amperes to 

be the sanc as that at 1074 throush Lo-k amperes was to be expected 
from observe.tion of the wide diversence of diode characteristics as 
shown on Fie. 5 at this current value. (It is emphasized here that 
the investisation pursued was desisned not to check differential 








Rea 6 o- 


output against the filament voltaze variation of the cormmon cathode 
duo=diode in comparison to two matched diodes. The purpose vas to 
measure per ce the common cathode duo-diode differential output throuch 
verlous heater voltage ranges and curront ranses to verify the assuap- 
tion that contact potential effects would cancel. Note that contact 
potential variations in tne matched diodes need not be in the same 
amount or the samo direction.) 





The errors are tabulated for Bp = (5.5 +0.5) volt 





I 
eer Set Er—> Soe Se AS Aep/ aLe 
m 10-3 0.00 20902, “002 
10-6 0.03 =0.0 ee cr oy 
1074. 0.00 40.05 <0.07 
Ry, 
iy\ Zero Set up-— > 5.5 5.0 1.5 Lrror Volts out/fil. Yolt/decate 


[eto 107-2 -0.015 0.02 6202 
10-© to 10-4 = +0.015 +0.605 +0.015 


Since the voltage sain of the circuit was 1.06, the error is equiva- 
lent millivolts input per filanent volt chanse per decade concent was 


Ame 
in\ Zero Set Ep —> 5.5 5.0 1.5 Error iV in/fil.v/decade 
Mgo-? tolc-& -1).1 +19.8 +13.8 


10-8 to 10“. #401 #167 20 tah.1 


As a conparis on to the possible error when using uatened Giodes in 
separate envelopes, the median poss ibility of og wicrein one diode 


contact potential remeins constant wrile the other varices (assuming 
Yee ‘ " 
the characteristics of iivcure 5) was deduced. 








ip\ Zero Set Le ——> 545 Ach/ SEL 
| 1078 “Omaa 
1076 =Q Pre | 
~Q een 
V 












error in volis out/fil. volt/decade 


a to 1976 0 olhS 
107. Orel 35 


VI 





J 


GFYOr Gn eos.) avo 


cr 











3 to 10-6 137.0 
L0-© to 1074 125 40 


cibaity of table VI and colwin one, of ‘table a showed thet & 


flo. - 336. Le ee cn current rance of re: “pe ° by), ener 
Somer tor the current ran te of 1079 to 10-6 ampere 
thts particulcr set of characteristics. 

Conucliision derived from biis investiczation was thet ag 
1d. © oe is inci@aced sme ‘ood — for & 


rlatlons. ‘Tie a heriaeta nasties (in eee Ca ae inves 
int Woe ec 1 GCt that such contact votential chenvzes as dic 
2 in the same direction and s Imul taneous , tus bvearine | 
final assus>tion. I+ is to be noted tiiat, .lthoush ie: 
Ca) in this investication were far from hoped-for perfer 
e Stabilization, near perfect stabilization by use of a ai 
signed to satisfy the circuit requirements offcrs epeat | 
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In the absence of input bias Vo is "On". 
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The interest hero was to derive matnematically an expression 
eiving the relationship between the various parameters and the 
hysteresis. In the above circuit with V2 conducting, if e, is 
raised to a certain level, V, begins to conduct. This conduction 
is amplified by Vo and fed nack positively to cause a rapid switche 
ing. If then ey is reduced below this "trip" level a given amount 
Vo conducts agrain and the circuit is "reset" to its previous state. 
This differential voltage, trip to reset, is termed hysteresis, 


Notation: 
Ceo -- cut-off csrid bias 
ER -- Plate to cathode potential Vz 
Lin? -- Plate to cathode potential Vo 
eK e@=- Cathode to ground potential 
ep @= Grid to ground notential of Vo 
Gc -- Grid to ground potential of V1 


Subscript 1 =-- Vo Conducting 


Subscript 2 -- V1 Conducting 
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with this beckcround to aid, an expcrimental study was 
maade of the circuit in production to urrive at desien data for 
ruidance in alberation to the optimum parameters to satisfy the 
requiroments imposed for pulsed operntion. 


L. Sinall hysteresis. 
2. Large output pulse amplitude. 
3-6 Output pulse amplitude independent of input. 
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This digest of the literature relating to DC amplifiers, is 
made to permit selection and design of circuits with intelligent application 
of the criteria of gain, drift stability and band pass with due regard to 
circuit Simplicity in accordance with present day knowledge. 

A proper introduction to the DC amplifier problem is a discussion 
of the amplifier's basic drift limitations. Since, in such amplifiers, the 
output of one stage is directly coupled to the next, any change in DC level 
in the amplifier appears as an Output signal. The possible changes causing 
this drift are: 

1. Plate supply voltage change. 
2. Component value change. 
3. Cathode temperature variation. 
a. Contact potential, grid to cathode, change. 
b. Equivalent plate resistance change. 
li. Tube aging with resultant change in Ry (emission change). 

The drift voltages associated witn plate supply changes are self- 
explanatory as are those due to component value changes. Those due to changes 
in emission and cathode temperature are more complex. Snowm is a typical 


triode 1, - Ey curve for different heater voltages. 








If such a tube be operated near cut-off conditions it may be seen 
that there is a displacement of the curve corresponding to a grid voltage 
change and a change in slope corresponding to an effective change in T° But 
if the tube be operated in the region of linear characteristic, the curves 
are essentially parallel and the cnage with heater voltage corresponds to a 
grid-cathode potential change. Due to the direct coupling, plate-to-grid, the 
necessary potential level of cascaded stages is high with resultant high 
capacitance to ground and poor high frequency response in the basic DC 
amplifier. This necessary high potential with high shunt capacitance to- 
gether with drift comprise the shortcomings of the basic amplifier. (Note: 


These drift considerations prevent use of a-c filament voltages in the basic 


amplifier.) 


ai 





Basic Cht. 

Fig. 2 
The corrective measures in present day use to compensate for the above 
undesirable features of the DC amplifier are brought out in ie cenaineer of this 


digest, 





Direct-coupled amplifiers may be grouped to fall into the 


following classifications: 


Le 


is 
36 
Le 
5 
6 


Te 


Simple cascaded, 

Drift compensated -~ simple, 
Bridge balanced. 

Cathode foinleper coupled. 
Differential or current coupled. 
Gas tube coupled. 


Modulation systems (Chopper amplifiers) 


Of the above classifications 7 is not discussed herein inasmuch as it may be 


more properly considered as an AC amplifier. The following approximation was 


used in the algebraic calculation of all circuit equations. 


From 


we have 


‘ : n : = 

1, = E +m a consider n = 1 and 
p 

lp = e, 


*p 


pee A = 


In the linear region of the operating characteristic is where operation is 


assumed. It is valid in this region to assume the following equation when 


contact potential is treated (See fig. 1.). 


Se > ‘pee 


“Meg + Ve where Vp is a potential inserted 2 in 


Series with the cathode, 





Figures 3 through 8 cover in general the first two classification 
above. The mathematical expressions below the figures express the dependence 


of the output on the various parameters of the circuitry and supply voltages. 





Re. 3 


Equation holds when the bleeder current is much greater than ips 


Not balanced for Ep , ry or Ep - Cascade on common bleeder. Amplification 





varies with T5° 


Fig. 





cascaded on common bleeder. 





rig. 


hiedium drift. Compensated for xp but not for rp or Ep. 





Amplification varies with Ips 





Fig. 6 


Can be 








Low drift. Accurate balance for Ep and ry for short time use. 


Cannot be cascaded. Of interest for sensitive galvanometer deflection. 
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Fig. 7 
Medium drift. R, adjusted so grids 1 and ) have eaual but 





Compensated for Ep and £,, but not for BE, and ,5. Can be 


cascaded on common bleeder. Amplification varies with Ty 





Fig. 8 Cathode and B supply compensation, 


Low drift. Compensated for Ep and Ep but not for Can be 


apis 


cascaded on common bleeder. Amplification varies with Tye 








Of the above circuits 3 and are seldom used without compensation. 

They may be used as stabilized current cmplifiers by use of 100% feedback. 
Fisure 5 is a typical compensated amplifier. It is stable with a stable 
supply voltage. The circuit of fig, 8 compensates for B supply variation 

by returning the input to a tap on the supply of value E,/u. Figure 7 
illustrates compensation for heater voltage and random emission effects. 

R) is adjusted to give grids 1 and i, equal but opposite transconductance. 
Compensation includes all circuit elements common to both grids but not plate 
supply. Returning grid }; to a tap on the bleeder across the plate supply 
corrects for changes in Ep Similar to circuit fig. 8. Signals may be applied 


to either grid or as a differential amplifier to both. 
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Fig. 9 
Figure 9 is a plot of drift in a triode DC amplifier and in a cathode compensated 
amplifier. Circuit figure 6 can be compensated for short times by choice of 
circuit constants but difficulty in cascading limits its use to galvanometer 


circuits. 








Figures 10 through 15 are of the bridge balanced type of DC 


amplifier. 





Fig. 10 


' Low drift. Zero balanced for changes in Ep, and Tp Cannot be 


cascaded on common bleeder. Gain varies with change in lps 








Pee. if 


Low drift. Zero balanced for changes in ER and ry? Gain varies with 


r.. Not easily overloaded as a meter amplificr. 














Pig, 12 
Drift and balance stability poorer than simple parallel balance type. 


Can be cascaded on common bleeder. Gain varies with Tp 





Ring 13 


Very low drift. Zero balanced for changes in Eo and rp Can be 


cascaded on common bleeder. Gain varies with ry 
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Drift and balance same as for fig. 13. Can be cascaded on common 


bleeder. Gain constant with changes in r_ and varies with u only. 
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Low drift. Zero balanced for change in ER and ry Gain less than 
unity but constant as lp varies. Useful as a driver stage. 

The above figures 10 through 15 are referred to as bridge balanced 
in distinction to compensated amplifiers by reason of the fact that all variables 
in the amplifying arm including tube characteristics and supply voltages are 
balanced against similar variables in the second arm. The advantage of this type 
of balance is that regulation of plate and filament supplies is unnecessary ex- 


cept for extreme precision. 








The conventional circuit of fig. 10 is the equivalent to returning 
the output voltage to a bleeder whose current proportioning changes in the Same 
manner as that of the amplifying tube. Fig. 11 shows a circuit essentially the same 
as that of Fig. 10 but the feedback introduced by the common cathode resistor 
serves to stabilize the zero of amplifier. Neither of these two can be cascaded 
and are therefore useful mainly as meter amplifiers. The circuit of Fig. 10 
may be altered as snown in Fig. 12 for cascading. Gain per stage is cut in 
half and the high frequency response is poor due to the high value of resistors 
Ry that feed the output. This circuit has a greater drift than that of Fig. 10. 
Also, for balance, there is the requirement that four pairs of resistors as 
well as the tubes remain constant in value. The circuits of Fig.%s 13 and 1h 
eliminate the disadvantages of that of Fig. 12 by replacing the plate load 
resistor of T, and TS and its cathode resistor. Balance for E, and rp is 
more nearly perfect than in the Fig. 10 circuit. Differential contact potential 
changes affect the output but due to the series arrangement the effect is much 
less pronounced than in other arrangements. In Fig. 13, if Ro is low in value, 
load current flow gives regeneration and somevhat higher gain. However if 
Ry ry then there is little difference if Ro is removed. Therefore the circuit 
of Fig. 1 is preferred due to lesser number of comoonents. In these circuits 
the cathode resistor of Yl is made variable for balance adjustment (¢ 15% from 
the value of the other cathode resistor). Circuit Fig. 15 is a low gain current 
amplifier for a driver stage. Drift for this circuit is slightly greater than 


that for circuits Fig.'s 13 and 1k but very low. 











Fig. 16 ) 
The circuit of Fig. 16 is a modified form of Fig. 1h to accomplish 
phase inversion, 
The following type circuit is referred to as the cathode follower 
coupled DC amplifier. The derivation of the matnematical expressions giving 


the circuit design relationshins is as follows: 








Peace 7 
Notation: (E,-Tho2) quiescent potential at T, grid. 
Eo transconductance of T, at operating point. 
EB plate supply voltage. 
Ip2 instantaneous signal component of To plate current 


Co? instantaneous signal component of To grid voltage. 
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Enc bias voltage of T, or 13° 


Eyol quiescent plate voltage of th : 


Tso quiescent plate current of Ty or T3 ° 


“p28, instantaneous signal component of T, grid voltage 


(Eg - Tyoa®) %, = Boor 8 RB, = Boo 
* tele Ritts ps eagre 
and Ry, (e00 Eo R,) = C90 or 0, = al 
Ry +R Ry tRe Ro Bo 


Equating the right hand sides of 1 and 2, 
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The design procedure is} 


Choose Tube type 
Bol 
Compute Re 
Re 
> 
Make ( R +o) » R, 


The above comprise the basic phase inverting DC amplifier. 


DC phase inverter amplifier of the noise comoensated type. 
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Figure 18 shows a 








e, (i, + i,)R, 


a 


Bo = (4, + 4,)R, 
For signal input of zero 
4) = oy (8) -E,) 
‘ee 
oem 782", 
t+ & 
if R, = - then E-85% R, = QO and B-E, = 0 


or the work function variations of E, do not affect 4 and hence the output. 
Note that this arrangement does not stabilize for changes in r5 (This 
circuitry is very similar to the cathode compensated amplifier mentioned above.) 


Figure 19 illustrates screen coupled form of the cathode follower DC amplifier. 
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From elementary equivalent circuit algebraic treatment, 


Boy = Sm Finda + Fook 
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Where it is assumed that 


Psp >> RB, and «Fo, MR, and 1 << 82p 


Vs¢ 
Bal control grid to plate transconductance-Ty 
Ry Plate load resistance 
Bop screen grid to plate transconductance-T, 
ae screen grid resistance-T, 





Fig. 20 


Figure 20 illustrates a practical amplifier using cathode noise compensation. 
It has a gain of 76 db. at 15 volts outout with a 12 kilocycle bandpass in the 
absence of feedback. ‘When the feedback loop is inserted it has 60 db. gain at 


15 volts out with a 20 kilocycle bandpass. 





There exist several types and arrangements of the current coupled or 


differential amplifier. The "direct connected" type of figure 21 is one of these. 
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Note the lack of connection at "Y", This arrangement serves to eliminate the 
B-supply relation between stages and the high bias to the cathodes of V3 and Ve 
The signal to the second stage is push-pull due to the differential plate current 
of the first stage, hence the term "current coupled", Further there is no 
amplification of B-supply variations. Figure 22 illustrates a typical three stage 


amplifier of this type. _The typical dif. differential amplifier is 
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illustrated in the circuit of figure 23 wherein a common B-supply is used to 








feed all stages. In this type of amplifier the operation may 





Hee 23 


considered as due to a loop current setup in the loop VaR RoV, as a result 

of the input signal. Note that by the input connected as shown the input DC 

level may be discriminated against. The design considerations are choice of 

large values for R, and R, for degeneration of push-push inputs. The B- 

supply is fed to Rj and Ry to prevent heavy biasing of Vy and V, such that 

En is reduced. Ry affects the "loop" current magnitude and hence the gain. 

The inductors are shunt peaking coils. This same type circuit may be operated 

in a cathode follower connection as illustrated in the "cross-coupled" amplifier 

of Fisure 2h. This circuit has the cathode degeneration advantage of non-criticality 


of balance adjustment. 











Picco 
The basic differential amplifier as it is used today in computer 
circuitry is drawmm in Figure 25. Figure 26 illustrates two arrangements of 
this amplifier. Figure 27 illustrates several functions which this amplifier 
can perform. The equations in the illustrations explain the limitations 


clearly. 
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Fig. 26 





MATHEMATICAL FUNCTION | MATHEMATICAL FUNCTION CIRCUIT 
ANDO CIRCUIT EQUATION AND CIRCUIT EQUATION 
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When large input signals are available (greater than 50 millivolt) 
the gas tube coupled amplifier is very well suited to use. Fisures 28 through 
3O illustrate the basic circuit and the more refined version. The equations 
in the illustration depict the circuit performance. In figures 28 E is a 
comoromise choice since we wish to have Ry Te and Ry? the DC resistance 
of the gas tube. The result here is a substantial coupling loss. The circuit 
of figure 29 is designed to eliminate this coupling loss. The advantage lies 
in the fact that most of the devoltage drop in the grid circuit of Ty is 
across the VR tube while most of the signal drop is across R,. (Note: the 


impedance of gas tubes increases with freouency above 100 cps. Use of by 


pass capacitors across the VR tube is recommended.) 
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Fig. 29 
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